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Red Hill AOC SOW Contaminant Fate and
Transport Priorities

* Protect drinking water receptors and resource
* Protect groundwater resource
* Inform future actions regarding:

* Release response

* Sentinel well network placement

¢ Infrastructure improvements

* How can the LNAPL vadose zone evaluation support our priorities

under the current schedule? F&T Report due April 2020
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Navy’s Current Approach- LNAPL Holding
Model

* Navy’s existing LNAPL holding model can not address many
of our key concerns related to transport and is generally non
conservative.

* Current Navy approach does not reasonably bound the
uncertainty related to risk to receptors

* May overestimate the time available for potential release
response
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Approach to Address Red Hill’s Challenges

* Navy should pursue 2D modeling at this time. Under the current
schedule, Navy should be able to:

* Bound uncertainty in transport distances
* Inform decision-making for our critical concerns

* 2D modeling can reasonably bound ‘worst case’ scenarios

* 2D modeling in the vadose zone can be used to provide inputs into
the groundwater flow model

* This will require some additional work, but no large data collection
effort is foreseen at this time

ED_006532_00013401-00004



Technical Rationale and
Approaches

Overview and Recommendations

Presented by Matthew Tonkin, SSP&A
February, 2019

ED_006532_00013401-00005



Site Specific LNAPL Transport Evaluation-
General Discussion

* Four classes of LNAPL vadose zone modeling approaches for this site:
1. Dimensionless holding model (Navy’s current approach)
2. 2D longitudinal-transverse dynamic model
3. 2D longitudinal-vertical dynamic model
4. Fully 3D dynamic model

* Many limitations and uncertainties exist for each approach due to this
complex environment

» Validation of these approaches is difficult, but out impression is the holding
model cannot be field validated and classes 2-4 are very difficult to validate
in the field

* Selecting an approach depends ultimately on the objective
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Reviewing LNAPL Evaluation Approaches for Red Hill
Objectives

1. Dimensionless holding model (Navy’s current approach):
1. Initial calculations of attenuative capacity
2. Focus: exploring fundamental concepts and sensitivities in the environment
2. 2D longitudinal-transverse dynamic model
1. Physically-based evaluation of LNAPL lateral migration/spread potential
2. Focus: Evaluating risk posed to Red Hill and Halawa Shafts (when linked with GW F&T model)
3. Simplifying assumptions would be demonstrably protective in terms of RHS/HS
3. 2D longitudinal-vertical dynamic model
1. Physically-based evaluation of LNAPL vertical migration/spread potential
2. Focus: Evaluating risk posed to aquifer under tanks (no link with GW F&T model needed)
3. Simplifying assumptions demonstrably protective of sole-source aquifer, not necessarily RHS/HS
4. Fully 3D dynamic model
1. Provides all of the above
2. Complex: only implement if (1), (ZJ6r{3)undcceptable or unmitigable via response action
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L NAPL Evaluation Approaches- Overview

1. Dimensionless
Holding

Previgusly undertaken, and
currently being refined by Navy

Estitnatesiaviraiibull
residanlizanncaiiacity

Explores:someconcepts and
sensitivities, butonly in residual
and geologic dimensions

Underestimates potential for
mpacts and san bt band
dyiamictranspart conditions

Unable to validate in field

2. 2D longitudinal-
transverse dynamic

Physically-based evaluation of
LNAPL lateral migration/spread
patential

Focugesibnirisk pbséd fo RediHill
andiHalawa Bhatis wihienlinked
With GW E& T model

Uses simplified assumptions to
protect drinking water sources

Difficult ta validate i fleld

2. 2D longitudinal
vertical dynamic

Physically=based evaluation of
LNAPL vertical misration/spread
potential

Focuseiionifsk Hosedita Eauifar
urder tankdithnkite GW ERT finy
Critical hut may be informative)
Uses simplified assumptions to
pratect sole-source aguifer not
necessarily drinking water supply

Bitficult tovalidate i fleld

4. Fully 3D dynamic

May be able to coverall aspects of
the ather modeling approaches

Resdgrediimensivéiditficaltto
Brodice

Difficult tovalidate in field
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“The relative importance of individual flow or
transport directions to the investigated problem
allows the model user to simplify by reducmg the
model dimensions”

* 3D models closely approximate natural conditions, but mod-
eling efforts may be extensive. The limiting factor is often the
availability of detailed site-specific data. Multi-layer models
represent stratified aquifers using 2D layers linked by leakage.

* 2D models neglect flow and transport components in either
the horizontal or vertical direction. Thus they yield predictions
in two dimensions, averaged in the third dimension.

¢ 1D models simplify further, often permitting analytical solu-
tion to the problem under investigation.

¢ Zero-dimensional (black box or compartmental) models focus
solely on balancing inputs and outputs

Figare 73 Common din

o (1996 Ch.7 “Dimensionality of Flow and Transport Problems”}

Modified aft
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2D longitudinal-transverse dynamic model

* Focuses specifically on two receptors: 1) Halawa Shaft and 2) Red Hill Shaft
* Some aspects of the calculations are the same for both, some aspects differ
* Modeling approach is vertically-simplified but temporally-dynamic

Halawa Shaft Analysis Red Hill Shaft Analysis
* LNAPL release location assumed on NE end of tank farm * LNAPL release location assumed on SW end of tank farm
s Structural dip assumed negligible {i.e., flat units)  Structural dip assumed to SW at prevailing D&S values
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2D longitudinal-transverse dynamic model
Common and Specific Aspects

* The following aspects will be the same for each receptor assessment:
* LNAPL transport assumed to be dominantly longitudinal-transverse and to occur in
the most transmissive materials only (i.e., two-dimensional [2D])

¢ Vertical migration or inhibition ignored: assume that any vertical migration only
reduces potential lateral migration (i.e., 2D analysis exaggerates lateral spreading)

¢ Reduced attenuation capacity due to “stacking” of multiple releases accommodate

* The following aspects will be different for the two receptors:
* LNAPL release location:
» For HS - assumed on NE end of tank farm
* For RHS — assumed on SW end of tank farm
* Structural dip:
¢ For HS - assumed no dip (i.e., flat units)
° For RHS — assumed to SW at prevailing D&S values
¢ Preferential pathways:
* For HS — none?
e For RHS — lava tube(s)?

ED_006532_00013401-00011



2D longitudinal-transverse dynamic model
Release Scenarios

* Accommodates alternate release scenarios, volumes, rates, such as:
* Large volume, slow rate (similar to 2014 release)
* Large volume, fast rate (catastrophic release)
* Small volume, slow rate (small chronic release)

* Mechanism, size, rate of release should be guided by tank integrity
work, and 2014 release

* Conservatively, the modeling approach essentially assumes that
release occurs directly into the / a transmissive unit (i.e., not against a
tight flow interior):

¢ However, conceptually, the slow rate releases could also be interpreted as
potentially high-rate releases, that occurred adjacent to a tight flow interior
and therefore were rate-limited:. s s in oo
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2D longitudinal-transverse dynamic model
Advantages

* Provides a conservatively-large footprint over which an LNAPL release
may impact the water table:

* Appropriate to goal of evaluating the potential risk posed to the two water
providing potential receptors specifically
* Provides a time-varying {dynamic) mass loading function over a
realistically-conservative footprint for use in the groundwater fate-
and-transport model

¢ Calculations very tractable as they are 2D though potentially
anisotropic / heterogeneous:

* This facilitates multiple scenarios, sensitivity, and uncertainty analyses

ED_006532_00013401-00013



2D longitudinal-transverse dynamic model
Limitations

* Does not directly address (relative) likelihood and timing of LNAPL
moving vertically from release point to the water table:
* Assumes there is negligible attenuation due to vertical transport processes
* This can be evaluated using “2D longitudinal-vertical dynamic model” though
is not required for making conservative vadose zone transport assumptions
* Likely underestimates the attenuative capacity of the vadose zone:
* This is however consistent with the goal of evaluating risk to potential
receptors at the water supplies
* Timing not easily validated using field data:
* Validation limitations apply to all LNAPL modeling approaches

* Spatial extent can be approximately validated using groundwater data after
loading into the groundwater fate-and-transport model
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2D longitudinal-vertical dynamic model
Overview

* Potential applicability to the Site previously demonstrated
LNAPL HYPOTHETICAL TANK RELEASE
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2D longitudinal-vertical dynamic model
Overview

 Utility for evaluating relative timing and magnitude of impacts to
aquifer of different release scenarios has been illustrated

» Advantages and limitations similar to those of “2D longitudinal-
transverse dynamic model” but with specific regard to protectiveness
of the underlying aquifer rather than protectiveness of the water
supply shafts

* Does not directly address the relative likelihood and timing of LNAPL
moving laterally from release point to the water supply shafts:
* This can be evaluated using “2D longitudinal-transverse dynamic model”

* Spatial impacts not easily validated using field data:
* Validation limitations apply to all LNAPL modeling approaches
* Temporal impact can be approximately validated using groundwater data
d l rectly Dipaft - For Desnssion Saly
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Fully 3D dynamic model

QOverview

* Not previously applied at the Site

* Would in essence incorporate all the features and capabilities of (1), (2)
and {3) into a single model

* May not be possible to complete under current schedule

* Computational requirements likely to be prohibitive for undertaking
multiple scenarios, sensitivity, and uncertainty analyses

* Validation limitations will apply to this, and all, LNAPL modeling
approaches

* In theory, could be used to evaluate the likely fate of historical releases if
sufficient field data were available to corroborate simulations, however this
is unlikely to occur
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L NAPL Evaluation Approaches- Overview

1. Dimensionless
Holding

Previgusly undertaken, and
currently being refined by Navy
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Focugesibnirisk pbséd fo RediHill
andiHalawa Bhatis wihienlinked
With GW E& T model

Uses simplified assumptions to
protect drinking water sources
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Resdgrediimensivéiditficaltto
Brodice

Difficult tovalidate in field
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Recommendation and Rationale

* Determining where a release will travel is not possible- conservative
assumptions will need to be used

2D Transverse Dynamic Model is best for determining worst case
transport to drinking water receptors

* Information from this LNAPL modeling can be used in the groundwater
flow model to better estimate worst case impacts to drinking water
receptors and may highlight need for standby wellhead treatment

* Determine under what circumstances the Navy may need to update
the Contaminant Fate and Transport Model: New releases, releases of
a certain size, etc.
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Conceptualization and
Parameterization

Overview and Recommendations

Presented by G. D. Beckett, Aquiver
February, 2019
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Add materials
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